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Summary 
The rubb巴rcrawl巴rsystem is widely used for various vehicles such as agriculture， construction， and 
transport. It is important to reduce the inner resistance in a rubber crawler for its trav巴1perfor百lance.1n 
this study， th巴rollingresistance acting on th巴trackroller as a main factor for the inner resistanc巴wasin同
vestigated. Furthermore， a simulation method to evaluate the travel resistance was proposed to reduc巴the
tr乱velresistance in a rubber crawler device. 
In chapt巴r2， the mechanism of the inner resistance in a rubb巴rcrawler was inv巴stigated.A speci行c
characteristic of the spring constant of the rubber crawler belt was obtain巴dfrom the compressing test us-
ing a track roler. The rolling resistances for seven weight conditions with five kinds 01' track r01l巴rswer巴
also measured. 1t was confirmed that the rolling resistance was due to the transform of the rubber crawler. 
Tn chapter 3， a theoretical simulation m巴thodfor the travel r巴slstancewas propos巴dbased on experi叩
mental results in chapter 2 and equilibrium equations according to the mechanical model of a rubber 
crawler system. Calculated r巴sultswere compared with measured torque of th巴driv巴shaftfor three con-
ditions of the track roller aITangem巴nts.1t was found that the track rol巴r創Tang巴mentsaf1'ected character-
istics of the t01可uesand the simulated rolling resistance of the track roller was consist巴ntwith the fluc-
tuation of m巴asuredrequired power. 1t was possible to estimat巴therolling resistanc巴ofth巴trackroller 
with the proposed simulation method 
In chapter 4， the simulation m巴thodwas巴xtendedto calculate the travel resistance for three-
dimension model. A travel resistance experiment was conducted with diff，巴rentleft and right lug positions 
01' the rubber crawler. Th巴simulationresults agreed well with three-dimensional m巴asuredresistances. 
Th巴horizontaland vertical forces acting on the track roller can b巴r巴gardas a travel resistance. It is 
necessary to separately measure the horizontal and vertical forces to further investigate the travel resis伊
tance. In chapter 5ラthevertical但ldhorizontal 1'orces acting on al track roller shafts in the traveling vehi-
cl巴weremeasur巴din three different aITangements of the track roler. The performances of the calcuJated 
resuJts were similar to the measur巴mentresults. The simuJate m巳thodcould also predict well the vertical 
and horizontal forces. 
This study reveled the physical m巴chanismof the inner travel resistanc巴andconfirmed that the pro-
pos巴dsimulation method for the travel resistanc巴wasuseful to design rubber crawler devices. 
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Fig， 1-1 Schematic diagram of the !'oling resis-
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I2!l2 ~ 1 守文字形ゴム夜帯と車五輪との接地状態
Fig， 2-1 Conlact state between parallel pattern crawler and track roleI 
凶2 2 履干背任給試験機
















Table 2-1 Specifications of rubber craw Jer tested 
ラグ7[;状 一文字形
本数 40 







芯金ピッチ (mm) 84 
履帯Ip話 (mm) 300 
フク、品さ (mm) 29 
厚さ (mm) 20 (転輪直下)

















GnJff(t)ωntdt (nニ 0，1，2，"') ( 2. 1) 
Jι..' 
い ;L五正fι(仁:yf列川川(υt刊)川s託泊泊町m山nntυ3 ( 2 . 2 ) 
これらはフ一リエ係数とH呼乎ばれるが これらを使つた形式的級数
す十~(い)snt十ふ， sIn nt) ( 2. 3 ) 
をf(t)のフーリエ級数またはフーリエ級数展開と呼称し






Fig. 2-3 The relationship betwee日出evertical Joad on 




Fig. 2-5 The relationship between the vertical load on 












Fig. 2-7 The reJationship between the vertical load on 










Fig. 2-4 The relationship between the vertical load on 




Fig. 2-6 The relationship between the vertical load on 

















稲葉 -E芝府ゴム履滑走行部の転輪転動抵抗に起因する走行抵抗に関する研究 11 
表2-2 供試したゴム履帯のパネ定数のフーリエ
係数例




al 63.7 b1 O.α)0 
32 9.5 b2 0.000 
32 4.8 b3 0.000 
E初 0.79 bl 0.0∞ 
as 0.23 b， 0.000 
a(i 2.99 b6 0.000 






Fig.2θSchematic diagram of the forces 









I Fs I丞 Iw， I ( 2. 6) 
となる。ところカ" }'sとFの関{系は
Fs =F co告。 ( 2. 7) 
となることから，
I F.cosθ|丞|臥! ( 2 . 8)
となる。これに式 (2-5) を代入すると
I F-cos ()I ;さ IWi・sinθI (2. 9) 
となることから，以下の式を得ることができる。





























Table 2-3 Experimental couditions 
110 





































2. 4. 1 鉛直荷重の影響
鉛直荷重の影響については実験結果より 3つのパターンに大別することが可能で、あった。転
輪径120mmの実験の測定結果をほ]2 -ll~ 凶 2 -17に示す。次に これらの実験におけるラグ


















Fig. 2-12 Rolling resistance of the track roller on the 
rubber crawler 




Fig. 2-11 Rolling resistance of the track roller on the 
rubber crawler 




300 0.30 tan8 tan8 










Fig. 2-13 Rolling resistance of the track roller on the 
rnbber crawler 





Fig. 2-14 Rolling resistance of the track roller on the 
rnbber crawler 
(Track roller世120mm， Weight condition 
No.4) 
400 日。50 400 0.50 
300 0.30 300 0.30 
き 200 qF C S当 3 200 0101H e2 u
i認菰#臣 100 i審w語 100 
tan8 
56 
1ー00 J -0.50 
関2一回 転車布のゴム履帯に対する転勤抵抗 図2-16 転輸のゴム履帝に対する転勤祇抗
(転車市世120mm鉛直荷重実験条件⑤) (転車命世120mm鉛直荷重笑験条何二⑥)
Fig. 2-15 Rolling resistance of the track roller on the Fig. 2-16 Rolling resistance of the track roller on the 
rubber crawler rubber crawler 







Fig. 2-17 Rolling resistance of the track roller 01 the 
rnbber crawler 



















Fig. 2-18 Compressive displacement of the rubber crawler in measuring rolling 








































Fig. 2-19 Maxirnurn and rninimurn values of the rolling 














Fig.2-21 Maximum and rninim剖1values of出erolling 
resistance of the track roller on the rubber 










Fig.2-23 Maxirnum and rninirnum values of the rolling 











Fig.2-20 Maximum and minimum values of the rolling 














Fig.2-22 Maximurn and rninimum values of the rolling 



























Fig.2-24 Relationship b巴tweenmaximum rolling resis-
tance and diameter of the track roller in 
weight condition No. 1 

















Fig. 2-25 Relationship between maximllm rolling resis-
tance and diameter of the track roller in 

















Fig. 2-27 Relationship between maximum rolling resis 
tance and diameter of the track roller in 
















Fig.2-29 Relationship between maximurn rolling resis-
tance and diameter of the track roller in 















Fig.2ω26 Relationship betw配 nmaはirnllmrolling resis-
tance and diameter of the track roller in 
weight condition No. 3 
300， 
z 2500............門










Fig.2-28 Relationship between rnaxirnumτ'OlIing resis 
tance and diameter of the track roller in 





















120 130 140 
転輪径(棚)
[kf 2 -30 同 鉛夜荷主主における転勤抵抗最大依
と転車市筏の関係(鉛i在荷重実験条件⑦)
Fig.2-30 Relationship between maximum rolling resis 
tance and diameter of the track roller in 











































































qilニ q1-Lぷ 1sin ct 
qlL qlR +1い
Xi =Xo十Li-1COS ct
似 L:1< (Xi h + L:f (Xi h与w
Oニ---二L-7-J二L 一一，
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i= 1 
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f主台さ台f山主争k川 L-l}ト十べc主台全やf列州(伏仇川xお1
t主如全争1<(伏仇川xお2
L: 1< (似Xi)1.λL:(伏k(xi)l/+k (XiU(約十Li-1)L-l
1二 1 tニ 1
-L: k (x;)1/ L: k (X;)ILi-1 
( 3. 1) 






























Fig. 3-2 The rolling resistances of the track roller on several conditions 









































Table 3-1 The experimental conditions of track rolers arrangement 
23 













































Fig. 3-5 Experimental result of lravel resistance on No 
3 condition arrangement of track rollers 


























Simulated result of travel resistιlDce on No. 3 
condition arrangement 01' track rollers 












Fig. 3-7 The comparison between experimental and 
simulation results of the travel resistance 








































4. 2. 1 実験装置
実験装置の概略図を凶4-2に示す。装置は前章と伺ーの装置を供試した。
図 4~2 実験装援概百宿区i







































































Fig. 4-3 The comparison simulation r剖 ults01' the travel 
resistances with the different conditions of dif“ 
ference of lug position 














位指慈 8mm f: 
議
機 500

















。。 2 4 
経過時間 (sec.)
思4-4 1i:tiのラグ位相の違いにおける走行抵抗の実測銭(転輪配置③)
Fig. 4-4 The experimental resllts of the travel resistances with the condition of dif 











Fig. 4-5 The comparison between experimentaJ剖ldsimllJation results of the travel 
代田stanceswith the condition of di仔.erenceof lug position 










































Fig. 5-1 The schemalic diagram for the method of calcu-






式(5 . 2 )から，Pとxについて以下のような式が導かれる。
p 主仁血-
_l..JAN 
( 5. 1 ) 
( 5. 2) 
( 5 . 3 ) 




5. 2. 2 実験装置
実験装置の主要な部分は前報で使用したものと閉じ装置を用いた(図 5-2参照)。 供試し
た転輪車由は長さ345捌，直径30mmの中実舗で，転輪と回定用 C型鋼との間に k下左右にIpli¥15mm
の鉛産・水平面を研削した。これを幅124m訟の C型鋼に溶接して国定し， M12ボルト 4本で機
体に装着できるようにした。なお，各転輪車Alには鉛直・水平方向ともにそーメントの測定点を
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Fig，5-3 Schematic diagram of the track roler and measurement point of the moments 
た。また，供試履帯については表 5-1にその諸
元を示す。











Tab!e 5-1 Specifications of rubber crawler tested 
ラグ形状 一会文字形
本数 40 




1竺ヒラグ側 58土 5転車命側 73土 5
;よ金ピッチ (rnm) 84 
i滋帝I[届(，日1) 300 
ラグ高さ (mm) 29 
!jl"d (rnm) 20 (転輪直下)
表5-2 実験に供試した転輪自己鐙



















l ~ k (Xi ) L ~ k (xi)んILiト…I
|伴川子引(いん叫1主主争和いh削州川山(は切川川xお川i)





~ k (Xi h ~ (1< (xi) 1十k(X;)r)(XO + 1，-J) 1，-1 
-せ仙川1)+主f川伊川Li-l
~ k (Xi)L (XO十1，-1)
~ k (Xi)R ~ k (Xi)L 1;-1 
5. 3 実験結果および考察
31 
( 3. 1 ) 
( 3. 2 ) 
(3. 3) 
( 3. 4 ) 






5. 3. 1 各転輪配置の状況
転輪配置①は前半部(第・・第二転輪)と後半部(第三・第四転輪)の間隔が芯金時距離 (84






















。。 21 42 63 84 
移動距離印刷
図5-4-1 鉛直分力実測結果(転車命配置②)
Fig.5-4-1 M巴asurementresults of vertical forcces acting 













Fig.5-4-2 Calculation results of vertical forcces acting 
on the track roller in condition 2 
図5 4 釣合方守主式算出結果と鉛直分力実測結束ーとの比較(転車者配置②)
Fig. 5-4 Comparison of vertical forces calculation results and 
measured results in condition 2 
。。 21 42 63 84 
移動距離 (mm)
図5-5 -1 鉛直分力実測結果(転輪直己資④)
Fig.5時5-1 Measurement results of vertical forcces acting 













Fig. 5-5-2 Calculation results of vertical forcces acting 
on the track roller in condition 4 
額 5-5 釣合方程式算出結果:と鉛直分力実測結果との比較(転輪配置④)
Fig. 5-5 Comparison of vertical forces calculation results and 











。。 21 42 63 84 
移動距離 (mm)
図5-6--1 鉛夜分力実測結果(転論配霞⑤)
Fig.5-6-] MeaSllrementτesnlts of vertical forcces acting 













Fig.5-6-2 Calculation results of vertical forcces acting 
on the track roller in condition 5 
民5-6 釣合方程式算出結果と鉛夜分力実j別総巣との比較(転輪自己霞⑤)










Table 5-3 Average values of the vertical forces acting 




















5. 3. 3 転輸に作用する水平分力の状況
各転輪に作用する水平分力についての測定結果および走行抵抗シミュレーション結果を函5













o 21 42 63 84 
移動距離 (mm)
凶5-7-1 7.k王子分力実測結果(転輪配置②)
Fig. 5-7-1 Measurement results of horizontal forcces acting 















Fig.5‘7-2 Travel resistance simulation results acting 
on the track roller in condition 2 
図5-7 水平分カ実測結果と走行抵抗シミュレーション結果との比較(転車命配置②)
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o 21 42 63 84 0 21 42 63 84 
移動距離(附) 移動距離 (mm)
凶5-8 1 水平分力実測結果(転輪配置④) 図5--8-2 走行抵抗シミュレーション結果
Fig.5必-1 M回 surement詑叫おofhorizontal forcces acting (転輪配澄④)
on the track roller in condition 4 Fig. 5-8-2 Travel resistance simulation resnlts a凶 ng
on the track roller in condition 4 
図5 8 水平分力実測結果と走行抵抗シミュレーション結果との比較(転翰配置④)













o 21 42 63 84 
移動距離 (mm)
図5-9 -1 水平分力実測結果(転車命配蛍⑤)
Fig. 5-9-1 Measurement results of horizontal forcces acting 















Fig. 5-9-2 Travel resistance simulation results acting 
on the track roller in condition 5 
凶5-9 水王子分力実iflJ結果と走行抵抗シミュレーション結果との比較(転輪配置⑤)

























21 42 63 84 
(ラヴ中央) ラデ中央からの水平位讃(mm) (ラデ中央)
図5--10 鉛直荷主主gUの転輸のゴム履帯に対する転勤抵抗， (転輪径120mm)
Fig.5-10 The rolling resist叩 cesof the track roller on several conditions 
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